Determinations of shear wave speeds of sound and attenuation coefficients are reported for soft tissues, a silicone rubber reference material, and a gel used in manufacturing ultrasonically tissuemimicking materials. Fresh bovine tissues were investigated, including calfskin, liver, cardiac muscle, and striated muscle. Because of the very large shear wave attenuation coefficients, reasonably accurate determinations of shear wave properties are difficult to make. The quantity 
We have also measured these shear wave properties for a water-based, animal-hide gel which is employed in the manufacture of ultrasonically tissue-mimicking {TM) materials. a In producing these TM materials, microscopic solid or liquid particles are suspended in the gel; the longitudinal 'attenuation coefficients of the resulting materials exhibit a proportionality to frequency as is the case for many tissues. The slope of the attenuation coefficient plotted versus frequency increases with the concentration of the particles.
One motivation for determining the shear wave properties of this gel was to obtain information that could be used in applying the theory mentioned above 6'7 to see if it can explain the longitudinal attenuation properties of the TM materials. The comparison of theory with experiment for these TM materials is the subject of another paper. The quantity measured, from which the two shear wave properties can be determined, is the complex reflection coefficient R, for shear waves at the interface between the material of concern and an optically flat fused silica surface. The precision of our measurements appears to be about the same as Frizzelrs at any one frequency; however, because of the large number of frequencies used in the present study, statements regarding frequency dependencies of the shear wave properties can be made. interface. This assumes that no sliding occurs between the two media precisely at the interface. At the same time that the initial pulse is introduced into the block by transducer A, a time reference pulse is emitted by transducer B in a thermally and mechanically isolated delay line. The oscilloscope is externally triggered by the time delayed signal delivered by receiving transducer C in the water path delay line. The distance between transducers B and C is adjusted so that part of the tenth echo received by receiver A is displayed on the oscilloscope.
When a sample, the shear wave properties of which are to be measured, is pressed onto the stage (or surface S) of the mode conversion block, the air is displaced by the sample and the reflection coefficient at S changes. A decrease in amplitude of the •choes occurs and also the phases shift slightly. The phase shift observed for the tenth echo is ten times that for a single reflection. In terms of time shifts, the total phase shifts observed were of the order of a nanosecond. The smallness of this shift is one reason for observing the tenth echo rather than, say, the second. The ratio of the amplitude of tenth echo with the sample in contact with the stage to the amplitude in its absence is the tenth power of that when only, one reflection occurs at the surface S. Knowledge of the phase shift and amplitude ratio allows calculation of the shear wave ultrasonic properties consisting of the speed of sound and attenuation coefficient. Details of this procedure are given in Sec. I.
B. Details Involving data acquisition
As implied in the last paragraph, there were two directly measured quantities for each material and each frequency considered. All measurements were made involving the tenth echo received by transducer A, and all were made by direct observation of the echo voltage wave form displayed on the oscilloscope. First, the ratio of the echo voltage amplitude with the sample impressed on the stage to that in the absence of the sample ,was determined. About five measurements of this ratio were made for each sample and each frequency. The sample was reapplied to the stage for each of these measurements. Second, the phase shift occurring when the air above the stage was displaced by the sample was measured. For both cases, data were recorded first using the wave form when air only existed above the stage Isurface S in Calculation of the shear wave speed of sound and attenuation coefficient can be done using Eqs. (7) and (8) of Sec. II. For these measurements, medium a in Eqs. (7) and (8) Table I . Table I .
IV. RESULTS AND ERROR ANALYSIS
The Table I . Table I. filled-in, squares. The positions of the various repeat data points can be seen to be consistent with the scatter of data points over the various frequencies. In Table II the values for speeds of sound and attenuation coefficients for the repeated measurements and the original measurements are displayed. The percent changes in Table II do not demonstrate a consistent rise or fall for either speeds of sound or attenuation coefficients. For some reason, however, there is a tendency for both the speeds of sound and attenuation coefficients to be higher in the repeat set.
B. Comparison with Frizzell's results
Both we and Frizzell made measurements on RTV 615.
In the case of soft tissues, however, our measurements were made on bovine tissues and Frizzell's on canine or rat tissues. considerable disagreement exists above this frequency. Contrary to the situation for speeds of sound, disagreement dominates at the lower frequencies for the attenuation coefficients, the experimental values tending to be 50%-100% higher than the theoretical for frequencies below about 4 MHz.
Nevertheless

VI. CONCLUSIONS
The cxtent of agreement between Frizzell's results and ours and the demonstrated reproducibility of our measurements constitutes strong evidence that these measurements are accurate within the limitations of the scatter in the data.
The data promote the idea that the shear wave properties of the materials studied can be described in terms of relatively frequency-independent shear moduli •l) and coefficients of viscosity •2). However, the data also suggest that a degree of frequency dependence of the latter parameters does exist.
